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abstract 


janvittimAc. 


The  primary  purpose  of  the  explosion  tests  described  was 
to  inform  the  Seacoast  Service  Test  Section,  Army  Ground 
Forces  Board  No.  1,  of  the  effectiveness  of  large  cast  TNT 
submarine  mines  after  extended  exposure  to  sea  water  (Army 
Proiect  SA  547).  A secondary  purpose,  of  interest  to  the 
authors,  was  the  study  of  the  application  of  crusher-gauge 
theory  in  explosions  of  large  charges. 

Three  mines  were  detonated.  Shot  1 was  a “dry”  mine 
exploded  as  a standard  for  later  comparison.  Shots  2 and  3 
were  “wet"  mines,  in  which  the  charges  had  been  exposed 
to  sea  water  for  several  months  by  removing  the  two  top 
covers  from  each  mine  and  submerging.  Comparison  of  the 
explosive  forces  was  made  by  the  effect  on  32  ball  crusher 
gauges  placed  at  ranges  varying  from  75.5  to  157.8  feet. 
The  effectiveness  of  the  "wet”  mines  was  found  to  be  about 
6 per  cent  and  5 per  cent  higher  than  that  of  the  “dry”  mine; 
but  this  slight  apparent  improvement,  due  to  exposure,  was 

-not  found  to  be  statistically  significant.  Theory  proposed 

JL  by  G.  K.  Hartmann  on  action  of  crusher  gauges  permitted 
□ ^absolute  peak  pressures  to  be  computed.  These  agreed  satis- 
fcO  factorily  with  pressures  expected  from  purely  theoretical 
* **  calculations. 
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The  primary  purpose  of  the  explosion  tests  described 
was  to  inform  the  Seacoast  Service  Test  Section,  Army  Ground 
Forces  Board  No.  1,  of  the  effectiveness  of  large  cast  TNT 
submarine  mines  after  extended  exposure  to  sea  water  (Army 
Project  SA  547).  The  tests  were  conducted  aboard  Army  mine 
planters  with  Army  personnel  carrying  out  the  placing  of  mines 
and  gauges.  The  authors  recommended  the  particular  location 
for  the  test  and  the  types  of  gauges  and  gauge  rigs  used.  They 
also  aided  in  conducting  the  tests  and  interpreting  results. 

A secondary  purpose, of  interest  to  the  authors,  was  the 
study  of  the  application  of  crusher  - gauge  theory  in  explo- 
sions of  large  charges. 


experimental  procedure 


Three  mines  were  detonated.  Shot  1 was  a “dry”  mine 
exploded  as  a standard  for  later  comparison.  Shots  2 and  3 
were  "wet”  mines,  in  which  the  charges  had  been  exposed  to 
sea  water  for  several  months  by  removing  the  two  top  covers 
from  each  mine  and  submerging.  The  charges  were  United 
States  Army  controlled  submarine  mines,  type  T-2,  con- 
taining 3,540  pounds  of  cast  TNT  with  six  pounds  of  granular 
TNT  as  booster.  (See  fig.  1).  They  were  detonated  at  sea, 
on  sand  bottom  in  approximately  sixty  feet  of  water.  Firing 
location  was  122°  35’  West,  37°  50’  North,  which  is  just 
north  of  the  Golden  Gate  entrance  to  San  Francisco  Harbor. 
Mines  were  detonated  October  20,  22,  and  23,  1947.  The 
detailed  gauge  rig  used  is  shown  in  figure  2,  which  has  been 
annotated  to  show  anchor  weights,  buoyancy  of  floats,  etc. 

In  order  to  maintain  position  of  gauges  as  accurately  as  pos- 
sible, the  rig  was  laid  cross  current  and  the  charge  fired 
at  slack  current.  Care  was  exercised  to  see  that  the  con- 
necting and  retrieving  line  was  taut  and  straight  before  fir- 
ing. It  was  necessary  to  drag  both  gauge-line  anchors  to  ac- 
complish this,  but  photographic  and  line- of- sight  checks  in- 
dicated that  an  in-line  arrangement  was  achieved.  The  direc- 
tion of  the  gauge  line  was  chosen  to  avoid  possible  complicating 
effects  of  the  firing  device  cavity. 
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Figure  3.  Ball  crusher  gauge  and  mounting  block  for  four 


gauges. 


Naval  Ordnance  Laboratory  type  ball-crusher  gauges 
were  used  and  deformations  of  annealed  copper  balls  were 
obtained.  Except  as  noted  elsewhere,  gauges  and  gauge  mount- 
ings were  as  indicated  in  figure  3,  with  the  hammer  plugs 
facing  downward. 

In  measurements  on  Shot  1,  both  3/8-  and  5/32-inch  diam- 
eter copper  balls  were  used,  but  the  results  of  this  shot  showed 
that  practically  all  of  the  deformations  of  the  smaller  balls 
were  beyond  the  linear  range  of  the  static  calibration  curves. 
Since  the  theory  of  gauge  action  is  based  on  a linear  re- 
storing force  opposing  motion  of  the  gauge  piston,  the  use 
of  the  smaller  balls  was  discontinued  and  only  the  3/8-inch 
size  were  used  in  the  later  shots.  Unfortunately  the  measure- 
ments made  at  the  longer  ranges  in  these  tests  were  in  an 
awkward  region  where  neither  size  of  ball  is  completely 
satisfactory.  This  was  not  considered  important  for  the 
purpose  of  the  test. 

The  planned  experimental  procedure  included  measure- 
ments with  a Hilliar  Gauge,  and  a gauge  of  this  type  was  ac- 
tually mounted  at  mid-depth  on  the  closer  gauge  line  for 
each  shot.  Difficulty  in  keeping  water  out  of  this  gauge  was 
encountered,  however,  and  the  results  were  not  useful. 
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In  addition  to  the  gauges  mounted  on  lines  as  described 
above,  additional  data  were  obtained  on  Shot  3 from  gauges 
which  were  mounted  on  other  mine  cases  set  on  the  bottom. 
These  mines  were  set  out  for  the  purpose  of  determining 
what  deformations  might  be  expected  to  neighboring  mines 
in  a field.  This  paper  is  not  concerned  with  that  subject, 
but  the  gauge  deformations  obtained  were  found  to  be  of  some 
interest.  Four  ball-crusher  gauges  were  mounted  face  up 
on  top  of  each  of  two  mine  cases.  The  gauge  pistons  were 
approximately  three  feet  from  the  bottom.  One  group  of  four 
gauges  was  75  feet  from  the  charge,  another  group  was  at  a 
range  of  100  feet.  Placement  was  roughly  as  illustrated  by 
the  sketch  at  the  top  of  figure  6;  but  the  two  mines  on  which 
gauges  were  mounted  did  not  lie  exactly  opposite  the  gauge 
line  as  might  be  inferred  from  the  sketch. 


results  and  conclusions 


Summarized  results  may  be  examined  by  reference  to 
figures  4 and  5,  which  show  a diagram  of  the  rig  used  for 
placing  gauges,  and  a graphical  presentation  of  the  results 
of  the  three  shots  in  terms  of  peak  pressures.  The  sketch 
of  the  rig  shows  ranges  from  charge  center  to  the  gauges  in 
terms  of  multiples  of  RQ,  the  equivalent  spherical  charge 
radius  (2.06  feet  based  on  an  assumed  specific  gravity  of 
1.55  for  cast  TNT).  These  same  ranges  are  indicated  by 
short  vertical  lines  along  the  abscissa  of  figure  5 so  that 
orientation  and  arrangement  of  gauges  is  at  once  apparent. 

It  should  be  noted  that  the  ordinates  of  figure  5 represent 
both  peak  pressures  and  deformations,  since  the  pressures 
divided  by  77.0  will  give  the  deformations  in  mils.  The  dis- 
cussion of  results  in  this  paper  is  for  the  most  part  in  terms 
of  peak  pressures  resulting  from  the  explosions.  The  well- 
known  scaling  laws  of  explosives  and  theoretical  work  done 
on  explosive  shock  waves  make  this  desirable.  Interpretation 
of  gauge  readings  in  terms  of  this  absolute  quantity  are  not  so 
well  understood,  however,  and  some  emphasis  must  be  placed 
on  the  fact  that  the  primary  purpose  of  these  tests  was  to 
compare  the  relative  effectiveness  of  different  mines.  In 
making  this  comparison,  the  results  are  the  same  whether 
pressure  or  deformation  is  used  since  one  is  a simple  multiple 
of  the  other  when  data  from  only  one  size  of  balls  are  used. 
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Experimental  setup  showing  ranges  to  gauges  in 
multiples  of  equivalent  charge  radius. 


Peak  pressures  recorded  from  shots  1 (Q  ),  2(0) 
and  3 ( y ),  plotted  against  range  to  charge  center 
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Figure  6.  Comparison  of  regular  gauge  line  records  of  shot  3 
with  records  from  gauges  mounted  near  bottom. 
Regular  gauges,  y ; gauges  near  bottom,  A. 

Each  plotted  point  for  Shot  1 is  the  average  of  the  two 
3/8-inch  copper-ball  measurements  and  each  point  plotted 
for  Shots  2 and  3 is  the  average  of  four  3/8-inch  ball  measure- 
ments. The  pressures  calculated  from  the  5/32-inch  ball 
data  were  about  16  per  cent  lower  than  those  plotted,  but 
for  reasons  already  discussed,  it  was  not  considered  advisable 
to  use  them.  They  are  tabulated  in  the  data  section. 

The  plotted  points  show  fairly  close  agreement  with  the 
dashed  line  which  represents  theoretical  results  based  on 
Kirkwood’s  formula1  for  peak  pressures  resulting  from 
underwater  detonation  of  TNT.  Deviations  from  the  theoretical 
line  are,  of  course,  at  least  partially  due  to  the  fact  that  the 
theory  applies  to  explosions  in  an  infinite  body  of  water; 
while  the  actual  tests  were  of  charges  on  the  bottom  and  at 
only  moderate  depth.  Keeping  this  in  mind,  there  are  still 
points  worthy  of  special  notice. 

A directional  effect  is  apparent  from  the  fact  that  the  large 
deformation  groups  (at  36.7  RQ  and  73.7  RQ)  are  in  the  same 
general  direction  relative  to  the  charge.  The  reflection  from 
the  bottom  is  a possible  explanation.  Additive  pressures  should 
not  be  effective  at  the  mid-depth  gauge  positions  on  the  nearer 
gauge  line  (38.2  RQ  and  41.0  RQ).  The  pressures  recorded 
at  these  positions  are  therefore  considered  the  most  reliable. 
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Another  effect  noticed  was  that  the  gauges  mounted  near 
the  bottom  gave  lower  readings  than  others  at  similar  distances 
but  farther  from  the  bottom.  This  is  not  apparent  from  de- 
formations obtained  on  the  gauge  line  nearer  the  charge; 
but  the  lowest  gauge  on  the  second  line  and  all  gauges  mounted 
on  the  two  mines  placed  for  the  concurrent  test  of  Shot  3 are 
consistently  low.  Some  directional  effect  such  as  cratering 
may  be  responsible.  Results  are  summarized  in  figure  6 
where  Kirkwood’s  theoretical  peak  pressures  are  again  shown 
by  the  dashed  line. 


data,  statistical  interpretation,  and  calibration 

The  contents  of  this  section  are  probably  of  interest  to 
only  those  persons  concerned  with  detailed  analysis.  In  order 
to  facilitate  the  location  of  specific  data,  it  is  presented  for 
the  most  part  in  tabular  form  and  under  the  following  headings : 

(A)  Detailed  Data  and  Calculated  Peak  Pressures. 

Table  1-a.  Shot  1,  a “dry”  standard  mine.  Gauge  readings 
for  3/8-inch  copper  balls  at  positions  shown  in  figure  4. 

Table  1-b.  Shot  1,  same  mine  as  table  1-a.  Gauge  readings 
for  5/32-inch  copper  balls  at  positions  shown  in  figure  4. 

Table  2,  Shot  2,  a “wet”  mine  exposed  12  months.  Gauge 
readings  for  3/8-inch  balls  at  positions  shown  in  figure  4. 

Table  3.  Shot  3,  a “wet”  mine  exposed  9 months.  Gauge 
readings  at  positions  shown  in  figure  4,  and  at  positions  near 
bottom  as  indicated  in  figure  6. 

(B)  Statistical  Interpretation  of  Data. 

Table  4.  Statistical  measures  of  ratios  of  pressures  for 
Shots  1,2,  and  3.  Based  on  3/8-inch  copper  balls  only. 

(C)  Determination  of  Calibration  Factor. 

Table  5.  Computations  for  determination  of  maximum  de- 
formation from  3,540  pounds  of  TNT. 
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DETAILED  DATA  AND  CALCUL  ATED  PEAK  PRESSURES. 


Titbit*  1-a.  Shot  1,  a “dry”  standard  mine.  Gauge 
balls  at  positions  shown  in  figure  4. 


codings  for  5/8-inch  copper 


Range 

(charge 

Gauge 

Serial 

N um  be 

Diameter  of  Copper  Ball 
(inches) 

Deformation 

ft 

( mils ) 

Peak  Pressure 



Origina  1 

Delo  rmed 

A x77.0 

Average 

3o.7  K. 

1897 

0.5741 

0.5287 

48.4 

3730 

1 688 

. 5748  . 

.3502 

44.6 

3430 

5880 

58.2  Rtl 

(.87 

.5742 

.3  528 

' 41.4  • 

3190 

18  14 

. 5747 

. 5 5 58 

41.2 

3170 

3180 

4 1.0  Rr, 

2020 

. 5 45 

.3  384 

38.9 

3000 

428 

.5746 

• 3 3 (» 1 

38.8 

29(>0 

2980 .. 

4 3.8  R t 

1484 

. 5 744 

. 3 588 

38.6 

2740 

a 04 

.5.48 

. 3 598 

34.7 

2670 

2708 

7 5.0  R,  / 

. 1481 

. 5747 

. 3845 

20.4 

1870 

1 n 1 2 

. 5744 

. 5848 

19.9 

1830 

1 880 

7 5.7  R,, 

91  1 

. 5745 

.3482 

29.1 

c 2240 

781 

. 5 7 44 

. 3470 

27.4 

2110 

2178  j 

7S.Z  Rjj 

2 148 

.5748 

. 349n 

28.2 

1940 

1818 

. 3'4t 

.3814 

23.2 

1790 

1868 

To.n  ^ 

1084 

. 5748 

. 3829 

21.9 

1 «>90 

821 

. 5748 

. 3 8 3 3 21.2 

1630 

1 6b0 

Table  l -b.  Shot  1 . 

"drv”  standard  mine.  Gauge 

readings  for  8/3 

2-inch  copper 

balls  a’  position'  1. 

• a t in  ligure  4. 

’ Range  Gauge 

C« 

pper  !3aU 

De  1“  rtnat ion 

Peak  Pressure 

(charge  1 Seri  a 
radii)  1 Number 

j 1 inc  he 

. _ 1 Ihl 



i Original 



Deform*  d 

! (mils) 

\ 38.0 

A ve rage 

‘ 

36.7  R 1001 

1 0.1  s 8 g 

. 

| ~ 

2720 

187  5 

.1  8..0 

.07  '8 

'8.2 

2740 

27  30 

3H.2  R '440 

1 

*.08  J 5 

2610 

2610 

4 1 .0  R 1210 

.1888  1 

.0844 

71.1 

2490 

771 

. I 8 t.  | 

.08t.7 

69.4 

24  30 

2460 

4 3.'  r , 2088 

.1861 

.0908 

68.3 

2 290 

■ 44 

.I860 

.0907 

6 8.  3 

| 2290  | 

|42(. 

.ISt.O 

.0906 

’ 8.4 

2290  ’ 

2290  1 

73.0  R„  1312 

.1888 

.1  148 

41.3 

1 1480 

901 

.1889 

.11  34 

42.8 

1490 

1470 

7 3..’  R,,  442 

.1886 

.1034 

82.2 

18  30 

707 

.1889 

.1018 

■4.4 

1 900 

186  8 

7'-..'  p ;42  3 

. 1 888 

.1072 

*8.6 

1700 

1 301 

.1887 

. 1 062 

40.-. 

17  30 

17  18 

7.  .<•  R , 

.1127 

4 3.0 

1 -3l0 

A 

.1  ’ ' 

. ' 1 Oh 

4'.  3 

i 1 s9<l 

1-4.  | 

► 
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I.iblr  2.  Sh.o  a %rt"  mine.  exposed  12  month*.  Gauge  readings,  (or  5/8-inch 
c ,ppr r ball-  a'  positions  shu*n  in  (igure  4.  # 


Uange 

(charge 

radii) 

Gauge 

Serial 

Number 

1 Diameter  *»l 

...pper  Hall 

Deformat  ion 

A 

(mils ) 

Peak  Hr 



Or  iginal 

D*fn  rmed 

A x77 .0 

Average 

36.7  I/., 

442 

1 o . 5 ’ 4 : 

0. 3>2  3b 

Sl.l 

3930 

1 0 S ♦ 

. 5747 

. 5242 

so.s 

3890 

142  5 

.574b 

.5249 

49.7 

3830 

1 501 

1 .544 

.5240 

SO. 4 

3880 

3882 

38.2  Hu 

HU 

.574b 

.5542 

40.4 

31  10 

901 

.5748 

. 5 5 5 1 

41  .7 

3210 

* 

l S 1 B 

. 574S 

.551b 

42.9 

3300 

911 

.547 

.3326 

42.2 

32S0 

3218  ' 

707 

.5748 

.55  bb 

38.2 

2940 

b7  1 

.1747 

.5  59  1 

3S.b 

2740 

1 b 1 2 

.5744 

. 5284 

46.0 

3 S40 

7 H 1 

. 3~4s 

. 5 5=»b 

38.9 

3000 

30SS 

43.6  K,, 

1427 

.574s 

. 5 5S7 

38.8 

2990 

1481 

. 5747 

. 5 57  9 

36.8 

2830 

I4KH 

.5748 

.5  572 

37.6 

2900 

821 

.574s 

. 5 54  5 

40.2 

3100 

296s 

• 

1 7 1.0  lu 

J s I 4 

.5748 

,*JS09 

23.9 

1840 

1673 

. 5748 

. 3620 

22.8 

1760 

| 

(.44 

.574s 

. 3621 

22.4 

1720 

lb  SB 

.5747 

..3  SOB 

23.9 

1840 

1790 

7J. 7 k„ 

142b 

.5747 

.3493 

2S.4 

1960 

1001 

.574s 

. 5492 

2S.3 

1 9S0 

42s 

.5746 

. 347  S 

n.\ 

2090 

1464 

.5744 

.3474 

27.0 

2080 

2020 

7s.  2 k , 

77  1 

. 5746 

. 3 S02 

24.4 

1880 

804 

.57  48 

.3493 

2S.S 

I960 

2440 

.5748 

. 3 s>|  0 

23.8 

1830 

2020 

. 5748 

. 3 609 

23.9 

1840 

1878 

7 6.6  K , 

1 S97* 

.5743 

.349S 

24.8 

1910 

2068 

.5744 

.3480 

26.4 

2030 

1 1210 

.3746 

.3482 

26.3 

2030 

bB~ 

. 5746 

. 3S02 

24.4 

1880 

1962 

! able  3.  Shot  3,  a "wet'  mine,  exposed  9 months.  Gauge  readings  for  3/8-inch 
i i.pper  balls  at  positions  shown  in  figure  4.  and  at  7s  and  100  feel  range  near 
bottom. 


Range 

GauRe 

^ Diameter 

of  Copper  Ball 

Defo  rmation 

Peak  Pressure 

Sc  r i a 1 

J 

radii) 

N um  be  r 

Original 

Deformed 

(mils) 

x77.0 

Ave  rage 

K. 

' . 4 

n.  t ' 4 8 

0.3207 

4170 

’ 7 1 

. 3 44 

,U01 

64.  1 

4170 

If** 

. I'41 

.5194 

64.9 

42  30 

.54 

.3181 

5b.b 

43(>0 

4232 

58.2  R 

.54' 

. 3 300 

44.7 

5440 

. 5 748 

. 3 3 39 

40.9 

3160 

. t'47 

.531b 

43.1 

3 320 

* \ 

.5  * ' 

.3514 

43.3 

3 3 30 

3310 

a 1 ,U  R 

V -''4r 

l .3367 

38.0 

2930 

. t '47 

•.  3 36  3 

.38.4 

29o0 

K04 

.5  44 

.3376 

36.9 

2840 

4 4 

. 3'4n 

.33x6 

39.1 

3010 

2936 

4 5.6  R 

44 

. < '44 

. * 5nb 

57.8 

2910 

.*'43 

. 5 3b0 

5 K.  3 

2960 

78  1 

. ' 4 1 

. 34  3s 

30.8 

2370 

. ♦ '44 

. 3 59  5 

36.1 

2 7 00 

2752 

7 i.O  k, 

„K- 

. 3748 

. 149(> 

26.2 

1940 

1 0‘>4 
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(B)  STATISTICAL  INTERPRETATION  OF  DATA 


For  each  of  the  eight  standard  gauge  positions^?/1  t the 
quotient  of  the  pressure  from  Shot  2 (wet  mine)  divided  by 
the  pressure  from  Shot  1 (dry  mine)  was  computed.  /i , 
the  arithmetic  mean  of  these  eight  quotients  was  found  to  be 
1.061  with  a standard  error,  S.E.  of(F2/1,  of  +0.030  To  in- 
vestigate as  to  whether  this  mean  quotient  differs  significantly 
from  unity,  we  compute 


Here 


(2/l  = 


(Qg/i  - l) 
(SE  of  (T2/1 ) 


2.0 


SE  of  p2/1  J 


Qq  / 1 ) 

N[N  - l) 


where /v  is  8,  and  the  number  of  degrees  of  freedom  is/v-l. 

Fisher’s^  table  of  t gives  a probability  ^2/1  of  0.09  that 
the  mean  of  a random  sample  would  fall  further  from  unity, 
the  expected  mean,  than  t = 2.0  indicates.  Table  4 summarizes 
these  and  the  following  calculations. 
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Similarly  08/i , the  mean  quotient  of  pressure  of  Shot  3 
to  pressure  of  Shot  1,  is  1.052  with  a standard  error  of  ^0.034. 
The  corresponding  *3/i  is  1.5  with  a resultant  pa/i  of  0.18. 

Usual  statistical  practice5  requires  that  p must  be  less 
than  0.05  for  t to  be  considered  at  all  significant.  Since  all 
of  the  above  values  of  p exceed  0.05,  the  corresponding  f’s  are 
not  significant.  Thus,  the  fact  that  wet  mines  of  Shots  2 and  3 
were  measured  as  respectively  6 per  cent  and  5 per  cent 
more  powerful  than  the  dry  mine  of  Shot  1 is  not  statistically 
significant.  Other  calculations  based  on  differences  of  pres- 
sures instead  of  ratios  gave  similar  large  values  of  p . 

The  close  agreement  of  Shots  2 and  3 is  shown  by  the 
fact  that  03/2is  0.994  with  a standard  error  of  0.029. 


(C)  DETERMINATION  OF  CALIBRATION  FACTOR 

The  action  of  a copper  ball  annealed  so  as  to  retain  prac- 
tically no  elasticity  and  then  crushed  between  two  parallel 
plates  is  such  that  over  a considerable  range  the  deformation 
is  proportional  to  the  deforming  force.  In  this  range,  a theory 
of  the  action  of  gauges  utilizing  these  balls  has  been  proposed 
by  G.  K.  Hartmann."*  This  theory  is  based  in  part  on  a load 
increase  of  15  per  cent  over  static  calibration  load  for  the 
dynamic  effect  of  an  explosive  shock  wave.  This  method  was 
used  to  calculate  absolute  peak  pressures  from  the  gauge  de- 
formations and  was  found  to  give  satisfactory  results.  Figure  7 
shows  a static  calibration  of  3/8-inch  copper  balls  with  the 
upper  curve  indicating  the  result  of  increasing  the  static 
calibration  by  15  per  cent.  The  short  linear  calibration 
curve  in  this  figure  was  obtained  by  applying  the  methods, 
proposed  by  Hartmann,  to  a 3,540-pound  charge.  While  it 
is  not  apparent  from  the  curve,  the  calibration  is  less  ac- 
curate for  deformations  of  less  than  about  40  mils,  because  of 
some  tendency  of  static  calibrations  to  show  curvature  in 
this  region.  Where  the  deformations  of  the  3/8-inch  balls 
are  found  to  be  small,  the  5/32-inch  size  are  usually  satis- 
factory and  similar  calibration  curves  for  these  are  shown 
in  figure  8. 

As  it  is  not  feasible  to  show  all  the  steps  involved  in  the 
calibration  correction  for  charge  weight,  the  calculation  re- 
sults are  summarized  in  table  5 for  possible  use  with  the 
referenced  report. 
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Figure  7.  Calibration  curves  foi  3/8-inch  copper  balls. 


Figure  8.  Calibration  curves  for  5/32-inch  copper  balls. 
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